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ABSTRACT 
Two 40Ar/39Ar isotopic dating methods, the total fusion and the 
incremental heating techniques, were employed to determine the age of the 
Suzhou granitic intrusion in eastern China. Agreement between the results of 
the two experiments is excellent; both yield an age of about 121.7 Ma. A 
generally uncomplicated and concordant incremental heating spectrum is seen, 
with a plateau age of 122.2 Ma. This general concordance suggests a valid age, 
most likely reflecting the time that the biotite cooled to about 300°C. Since 
the intrusion is not very large and is shallowly emplaced, it probably cooled 
quickly; thus, the age most likely represents the actual intrusive event. This 
Cretaceous age is supported by previous ages determined by Chinese geologists. 
Introduction 
The purpose of this thesis is to determine the age of the Suzhou granitic 
intrusion in eastern China, using the 40Ar/39Ar variation of the K-Ar dating 
method. 
The Suzhou Granitic Intrusion 
The Suzhou granite is an elliptical stock about 10 km west of the city of 
Suzhou, in eastern China (see Fig. 1). The intrusion is in the Yangtze-
Qiantang Paleozoic Depression Zone, west of the subduction zone of the Western 
Pacific Plate against the China Continental Plate, and borders on the 
southeastern flank of the huge Changjiang tension fault (Zhang Xinglong et al., 
1987). The stock has an area of 40 km2, only 11 km2 of which is exposed due to 
Quaternary cover (Liu Yimao et al., 1987). The intrusion penetrated the axis 
of a north-northeastern-trending syncline composed of Silurian and Devonian 
sandstones and Permian shale. Faulting is prevalent in the area, which is 
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common in zones of magmatic intrusion. Lamprophyres, quartz porphyry, 
rhyolitic porphyry, dacite porphyry, and quartz veining are also observed in 
the area (Liu Yimao et al., 1987). 
Past studies have classified the Suzhou granitic intrusion into three 
stages, based on composition. The Ouyang Xinguei-Wang Xonggang study of 1985 
is most representative of the general consensus. The three stages are: 
1. Porphyritic-like hornblende biotite granite. 
2. Porphyritic-like biotite and coarse-grained biotite granite. 
3. Fine-grained biotite granite and albitized biotite granite. 
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The 40Ar/39Ar Dating Method - Principles and Procedures 
The K-Ar dating method is described in detail by Dalrymple and Lanphere 
(1969) a~d also by many standard treatises including Faure (1986). 
The following are basic assumptions and must hold true for any K-Ar date 
to be considered valid: 
1. The system was closed. 
A. No 40Ar has escaped since formation. 
B. No 40Ar has entered since formation. 
C. The system was closed to K gain or loss since formation. 
2. No 40Ar was initially present in the sample. 
3. A proper correction is made to account for atmospheric 40Ar. 
4. Isotopic K composition is normal and has not changed except by 
decay of 40K. 
5. The decay constants are accurate. 
The 40Ar/39Ar method of dating can alleviate some of the problems inherent 
in the conventional K-Ar method. The problems of different subsamples 
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and difficulties of determining absolute K and Ar concentrations are avoided, 
since K and Ar are measured on the same subsample, and since only the isotopic 
ratio of Ar is needed. An added advantage to 40Ar/39Ar dating is that only a 
small amount of sample is required. This is attractive for use with rocks 
containing a small concentration of suitable dating mineral, or with small 
amounts of a very valuble sample, such as lunar rocks. 
The 40Ar/39Ar dating method depends upon the production of 39Ar by the 
irradiation of K-rich samples with fast neutrons in a nuclear reactor. The 
sample is sealed in a glass tube with flux monitors on either side (see 
below), placed in the reactor and irradiated for several days to allow for the 
formation of 39Ar. The nuclear reaction is: 
39K (n,p) 39Ar 19 18 (Eq.1) 
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39Ar decays to 39K by beta emission, with a half-life of 269 years. Due 
to this slow decay rate, 39Ar can be considered stable during the analysis 
period. The ratio of 40Ar/39Ar can then be measured using a mass spectrometer, 
and the age of the rock can be calculated. 
When a K-rich sample is irradiated, several reactions produce isotopes of 
argon; only the n,p reaction (Eq.1) is used here. The starting point is 
Mitchell's (1968) formula which gives the number of 39Ar atoms formed during 
neutron irradiation: 
39Ar = 39K ATJ ¢(E) u(E) dE (Eq.2) 
where: 39K = number of atoms in irradiated sample. 
AT = period of irradiation. 
¢(E) = neutron flux density at energy E 
u(E) = capture cross-section of 39K for neutrons with energy E. 
The amount of radiogenic 40Ar (40Ar*) atoms from decay of 40K is: 
40Ar* = Xe 40K (eXt-1) 
I x (Eq.3) 
where: Xe = decay constant of 40K for electron capture. 
X = total decay constant of 40K~ 
The ratio of 40Ar/39Ar after initial irradiation is then: 
40Ar* = (eXt-1} (Eq.4) 39Ar J 
where: X 39K ¢(E) u(E) dE (Eq.5) J = - 7fUi( ATJ Xe K 
This is where use of flux monitors becomes crucial. Since the cross-sections 
of 39K for capturing neutrons of various energies and the energy spectrum of 
incident neutrons are not well known, the neutron flux density and capture 
cross-sections are difficult to ascertain. The use of flux monitors solves 
this dilemma. Samples of known age (flux monitors) are irradiated next 
to the unknown sample in the sealed glass tube, and by plotting their J-values 
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versus their position in the sample vial, J for the unknown sample can be 
interpolated. The age of the unknown sample can then be found by: 
1 t = X ln (40Ar* ) \39Ar J + l (Eq.6) 
Both the K-Ar and 40Ar/39Ar require a correction for atmospheric 40Ar and 
also other Ar isotopes produced during irradiation. 
The incremental heating technique is a variation of the 40Ar/39Ar dating 
method. A series of ages can be calculated for one sample by releasing argon 
from it by increasing the temperature in successive steps. If the sample has 
neither lost nor gained potassium and argon since it cooled below the 
temperature at which argon is quantitatively retained (known as the blocking 
temperature), the date found for each heating increment will be constant. If 
radiogenic argon was lost after cooling, however, a range of dates will emerge 
from the va~ing 40Ar/39Ar ratios. Since the loss of radiogenic argon is often 
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attributed. to reheating by a metamorphic event, this method can prqvide much 
insight in to the regional history of the sample area. 
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ANALYTICAL METHODS 
Sample Preparation: 
The samples studied were collected by Professors K. A. Foland and 
Chen Jiang-Feng in China in December, 1987. A total of six Suzhou granite 
samples were available. These samples were cut into slabs and thin sections 
were made. From subsequent hand sample and thin section examinations (see 
Table 1), the most promising sample (Sample #5) for K-Ar dating was chosen. 
This decision was based upon high biotite content (>50% for Sample #5) and upon 
freshness. 
Part of the sample was then crushed into fragments using a jaw-crusher, 
and ground further using a disc grinder. A system of graded sieves was then 
employed to segregate the sample by grain size. 
Each size fraction was examined under magnification. The goal was to 
separate the biotite from the quartz and feldspar in the crushed granite 
sample, since biotite is a K-rich mineral and thus very useful for K-Ar 
analysis. In the +40 mesh fraction, the grains of biotite were still mostly 
joined with the feldspar and quartz. In the -40/+60·mesh fraction, most of the 
biotite flakes had separated, yet were still intact. In the -60/+80 mesh 
fraction, the biotite flakes were so.minute that separation would have been 
very difficult. Thus, fraction 2, the -40/+60 size fraction, was determined to 
be the best grade for separation of biotite for analysis. 
The biotite was separated out using the paper-shake method. Using this 
procedure, the sample was placed at the top of a large piece of stiff card 
paper, which was then tilted to about a 45° angle and gently shaken. This 
method relies upon the fact that the biotite grains are relatively large and 
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TABLE 1 . 
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much flatter than the more spherical and blocky quartz and feldspar grains. As 
the paper is shaken, the quartz and feldspar grains separate out and roll down 
the paper, leaving only biotite flakes (with their lower centers of gravity) 
remaining on the paper. This leftover biotite is shaken off into a container, 
and the process is repeated many times. In this manner, enough biotite can 
eventually be accumulated for analysis; due to the relatively high biotite 
content of the sample, about 2 g of biotite was collected in the space of a few 
hours. 
The sample was then thoroughly washed in acetone, oven-dried, divided into 
two subsamples, and wrapped separately in Sn-foil in preparation for neutron 
irradiation. 
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40Ar/39Ar Analyses 
The two subsamples were irradiated as part of OSU Package No. 36 at the 
Ford Nuclear Reactor at the University of Michigan in April, 1988. The samples 
were irradiated for 100 hours, allowed to "cool'' in the reactor pool for two 
weeks, and were returned back at OSU in May, 1988. The smaller sample was for 
regular 40Ar/39Ar gas dating by total fusion, the larger one for use with the 
incremental heating method. The smaller sample was fused using RF induction 
heating, and the larger sample was incrementally heated using a double vacuum 
system. The gases released during heating were treated in a number of stages 
to purify the inert Ar. The gas was cleaned using liquid nitrogen cold-finger 
traps to remove water vapor, SAES getters to remove active gases, and turbo 
pumps to remove hydrogen. Once purified, each Ar gas sample was run in three 
subdivisions, using a Nuclide Model 4.5-60-RSS mass spectrometer automated with 
an HP9825A computer. The flux monitors used for analysis were OSU intra-lab 
monitor Mon-4, a biotite with an age 121.66 Ma. More details on the OSU 
I 
, procedures may be found in Foland (1983). 
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RESULTS AND DISCUSSION 
The agreement between the two 40Ar/39Ar dating experiments, total fusion 
and incremental heating, is excellent (see Table 2). The total fusion sample 
yielded an age of 121.8 Ma, compared to the weighted sum of all gas fractions 
from the incremental heating experiment, 121.9 Ma. This age is equivalent to a 
conventional K-Ar age. 
Figure 2 is a plot of the incremental heating data, and shows a generally 
concordant spectrum; the various gas fractions yield nearly the same apparent 
ages. Minor variations existing are only slightly larger than their analytical 
uncertainties. The plateau age (see Faure, 1986 for discussion) of 122.2 Ma is 
found for 83.5% of the released 39Ar. This internal agreement of the 
incremental heating experiment reflects a uniform K and 40Ar distribution in 
the biotite and implies that the date is valid. 
The age of the biotite js a cooling age, as is the case with most 
minerals, and represents the poirit at which the mineral cooled such that 40Ar 
loss by diffusion was negligible. This closure temperature is about 300°C for 
biotite. The age of 122.2 Ma thus represents the time of cooling of the Suzhou 
granite below 300°C. Since the intrusion is not extremely extensive, and 
intruded to a shallow depth in the crust, it probably cooled relatively 
rapidly. This means that the age found in this study should agree closely with 
the actual time of the magmatic intrusion. 
This age of 122.2 Ma for the Suzhou granite coincides with a Cretaceous 
age determined by Chinese geologists for the area (Liu Yimao et al., 1987). 
Many small, shallow intrusions occurred at about this time throughout eastern 
China (Chen, J-F, personal communication). 
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